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With improving living standards and socioeconomic development, cardiovascular disease (CVD) has replaced infectious diseases as the leading cause of death both in developed and developing countries (1) . Substantial progress has been made in teasing out the underlying causes of CVD from numerous risk factors.
However, recently unexpected findings from randomized controlled trials (RCT) have revealed that some CVD risk factors are likely non-causal, such as HDL-cholesterol (2, 3), C-reactive protein (4) and fasting glucose (5) . As such, all three factors of Virchow's triad described over 100 years ago might be relevant to CVD prevention, i.e., flow (hemodynamics), vessel (endothelial injury) and blood (hypercoagulability including viscosity). In the past century, risk factors for CVD from hemodynamic changes or endothelial injury, such as hypertension or higher LDL, have been extensively investigated. However, the impact of viscosity has been less comprehensively assessed, despite anti-coagulants, such as warfarin, being a mainstay of CVD treatment (6) .
Viscosity has been thought to be a risk factor in cardiovascular disease (CVD) since the 1960s (7) and Hct is one of the major determinants of viscosity. (8) Several longitudinal studies have found an association of high hematocrit (Hct) with ischemic heart disease (IHD). (9, 10) Such associations may not always be evident because they may be biased towards the null by reverse causality as Hct falls with ill-health.
(11) The same association of higher Hct with higher risk of myocardial infarction has also been seen among young Swedish men. (12) Genome-wide association studies (GWAS) are beginning to identify genes connected with viscosity and coagulability as related to CVD. (13) Notably, carriers of one thalassemia allele are more prone to anemia, but less vulnerable to CVD. (14) Similarly, people with Glucose-6-phosphate dehydrogenase (G6PD) deficiency are at risk of hemolytic anemia in states of oxidative stress, but have a lower risk of ischemic heart disease and cardiovascular associated death. (15) (16) (17) Experimental evidence also suggests that Hct and /or hemoglobin (Hgb) may play a causal role in CVD. In randomized controlled trials (RCTs) treatment of anemia with a higher Hgb target increased hospitalization and mortality rates from CVD events in patients with chronic kidney disease without improving quality of life. (18) Similarly, in an RCT, polycythemia vera patients treated with a lower Hct target had a lower rate of cardiovascular death and major thrombosis than those with a higher Hct target, suggesting reducing Hct could protect against CVD events. (19) In addition, several longitudinal studies suggest that Hct in the normal range is positively associated with CVD. (9, 10, 12) (20) in a large well-characterized sample of southern Chinese.
METHODS

Ethics statement
All participants had given written informed consent before participating. The study has ethics approval from the Guangzhou Medical Ethics Committee of the Chinese Medical Association, Guangzhou, China.
Sources of data
The Guangzhou Biobank Cohort Study (GBCS) is a collaboration among the Guangzhou No. 12 Hospital and the Universities of Hong Kong and Birmingham, UK. Guangzhou residents aged 50 years or more are members of GHHARE, of whom 33% enrolled for phases 1, 2 or 3 recruitment and were included if they were capable of consenting, ambulatory and not receiving treatment modalities that, if omitted, might result in immediate life-threatening risk, such as chemotherapy or radiotherapy for cancer or dialysis for renal failure. Participants included in this analysis underwent a half-day detailed medical interview, which included a physical examination and a questionnaire that asked about disease history, health-related habits and demographic characteristics (21) . We used only phase I and II data because a different dietary instrument was used in phase III. (22) The questionnaire asked about exposure to occupational health hazards 
Exposure assessment
We obtained 41 environmental hazards from the questionnaire, defined as exposure level multiplied by exposure time. We obtained 25 nutrients, including dietary intake of total calories, macronutrients, vitamins and trace elements calculated from the food frequency questionnaire and dietary composition tables based on McCance and
Widdowson (22) and the Chinese Medical Sciences Institute (25) . We also obtained 6 key lifestyle attributes, physical activity, alcohol use, smoking status, sleep hours and meat eating habits or vegetarianism. Physical activity was categorized as: inactive, minimally active and health enhancing physical activity (HEPA). Alcohol use was categorized as never, less than once per week, 1-4 times per week, more than 5 times per week, ex-drinkers or unknown. Smoking status was defined as never-smoker, ex-smoker or current smoker. Meat eating habits were defined as:
"never", "about once a year", "about once a month", "about once a week" or "almost daily". Two metals, calcium and magnesium, were measured in whole blood in phase 1 only (hence, data only available for 10405 participants).
Outcome measures
The primary outcome was Hct, considered as a continuous variable in the units in which it was measured.
Statistical analysis
All continuous variables were transformed into z-scores to facilitate comparability between variables. Some lifestyle factors were on an ordinal scale (exercise 3 levels, drinking 6 levels, smoking 3 levels, meat eating habits 5 levels). were identified with an FDR <5% in the total sample. However, only 6 variables (vitamin A intake, vitamin C intake, serum calcium, physical activity, serum magnesium and alcohol use) showed an FDR<5% in all 5 runs of the cross-validation procedure. Together in a multivariable linear regression model, vitamin A intake, serum calcium, serum magnesium and alcohol use were associated with higher Hct while physical activity was associated with lower Hct (Table 1) . However, vitamin C intake was not associated with Hct. Appendix Figure A shows the specific coefficients and 95% confidence intervals for all 74 factors adjusted for sex, age, recruitment phase and social-economic position. Vitamin A may reduce anemia via a number of mechanisms. Vitamin A may increase resistance to some specific infections, such as measles or diarrhea. (35) Vitamin A may directly modulate erythropoiesis, such as retinoids regulating programmed cell death in erythroid progenitor cells (36) . Vitamin A may act via other factors such as testosterone, which is a routine therapy for aplastic anemia. (37, 38) Bringing together these disparate findings provides a potential explanation for high levels of vitamin A increasing mortality, (39, 40) because vitamin A increases Hct, which in turn increases the risk of cardiovascular disease. (18, 19) Intervention trials (31-34) also suggest that moderate physical activity lowers Hct because moderate exercise intensity is followed by activation of blood fibrinolysis without concomitant hypercoagulability, whereas strenuous exercise activates both the fibrinolysis and hypercoagulability systems simultaneously. (41) Serum calcium was positively associated with Hct. Serum calcium could affect Hct directly or indirectly, via raising some other factor that affects Hct. Alternativeky, a common factor, such as parathyroid hormone (PTH) or chronic kidney disease could underlie the association, by affecting calcium and Hct. PTH regulates serum calcium and in animal experiments administration of PTH increases hematopoietic stem cells (42, 43) , whereas chronic kidney disease reduces serum calcium and erythropoietin.
PTH was not measured in GBCS, so we cannot assess this possibility. Adjusting for a marker of renal function (serum creatinine) did not change the association, indicating that renal function may not be a confounding underlying the association.
Magnesium was once hypothesized to protect against some cardiovascular conditions, (44) however that hypothesis has been refuted. (45) Whether any beneficial effects of magnesium have been offset by raising Hct does not seem to have been considered, and evidence is limited. Alcohol use was associated with higher Hct perhaps because the oxides or toxins from alcohol cause hypoxia which increases Hct. (46, 47) Smoking is known to raise Hct. However, smoking did not cross the FDR threshold in one internal cross-validation, although it had a low p-value. Smoking is uncommon in women in Southern China (48) , and men smoke less than men in the west with many occasional smokers (49) which may explain why smoking was not very strongly associated with Hct in this study. Moreover, the EWAS method is not intended to find all possible correlations, but just to identify the stronger associations that might be most relevant in a specific population and worthy of further study.
Several limitations bear mention. First, Hct could be influenced by recent nutrition or frequency of drinking water. However, complete blood count was assessed after an overnight fast. Second, we lacked complete data on job type (13.3% missing) and personal income (4.8% missing), but adjustment for socio-economic position little changed the estimates, suggesting these were not important confounders, so we used dummy categories rather than multiple imputation. Third, the environmental contaminants were not detected directly from the surrounding environment or from blood samples. Instead, we calculated the cumulated contaminants hazards from the questionnaires by multiplying the exposure level and time. So, environmental contaminants may play a role we cannot detect. There are also some strengths in our study. First, we used a method commonly used in genetic studies, GWAS, but applied it to the "exposome" of environmental influences. Systematic use of all environmental factors limits false positive findings induced by selective reporting of significant results. (51, 52) Second, we included lifestyle factors. (21) We used cross-sectional data systematically to make best use of data on a large set of environmental contaminants, nutritional and major lifestyle factors. Third, data-driven research requires validation of positive findings. We used internal cross-validation with 5 iterations in the present sample. We also found some associations expected from experimental evidence, which gives greater credence to the other findings.
Such agnostic analyses may identify missing links in important processes, here a potential explanation for harmful effects of vitamin A on mortality by causing cardiovascular disease from raising Hct. From a practical perspective if our findings are confirmed, this study also suggests that vitamin A might be best avoided by people taking anti-coagulants and could be a modifiable exposure positively related to CVD, the role of which in food fortification in well-nourished populations should perhaps be subject to investigation using an unbiased observational method such as Mendelian randomization that avoids potentially harmful interventions.
In conclusion, despite the difficulty of ascertaining causality, our findings that Hct was associated with both expected (vitamin A intake and physical activity) and previously undocumented variables (serum magnesium and serum calcium) suggest EWAS could be useful to generate novel and relevant hypotheses.
